thermal agitation. Despite the decades of studies, however, the essential mechanisms of directional motion remain unclear. For example, we do not understand how the structural change of motors, and the asymmetric structures of the motor-filament interface contribute to directional motion. A limitation is that neither motors nor cytoskeletal filaments can be rationally re-designed, making it difficult to address these key questions. To overcome this limitation, we took bottom-up approaches where new molecular motors and tracks are designed and created based on protein and DNA building blocks. Through the process of creation, we will understand the essential factors for a molecular motor to move forward. Here we constructed a new hybrid motor from dynein and a DNA-binding protein. We chose DNA as a track instead of cytoskeletal filaments because DNA have a lot of advantages: it is stable, synthesizable, and can be self-organized into higher order structures. In in vitro motility assays, the new hybrid motors successfully translocated 10-helix DNA nanotubes at an average velocity of 8 nm s À1 . Furthermore, the multiple molecules of hybrid motors transported single DNA origami cargoes along immobilized DNA nanotubes. Control experiments showed that the hybrid motors recognize the specific DNA sequence that is periodically incorporated along the long axis of the DNA nanotube. Our strategy opens the way to systematic studies on the mechanisms of motors, and to nanotechnological applications using the powerful DNA-based molecular toolbox.
1
Department of Biology & Biotechnology, Worcester Polytechnic Institute, Worcester, MA, USA, 2 Physics, Worcester Polytechnic Institute, Worcester, MA, USA. Filamentous actin has been shown to be essential for tip growth in an array of plant models, including Physcomitrella patens. One hypothesis is that diffusion can transport secretory vesicles, while actin plays a regulatory role during secretion. Alternatively, it is possible that actin-based transport is necessary to overcome vesicle transport limitations to sustain secretion. Therefore, a quantitative analysis of diffusion, secretion kinetics and geometry is necessary to clarify the role of actin in polarized growth. Using FRAP analysis, we first show that secretory vesicles move toward and accumulate at the tip in an actin-dependent manner. We then depolymerized F-actin to decouple vesicle diffusion from actin-mediated transport, and measured the diffusion coefficient and concentration of vesicles. Using these values, we constructed a theoretical diffusion-based model for growth, demonstrating that with fast-enough vesicle fusion kinetics, diffusion could support normal cell growth rates. We further refined our model to explore how experimentally-extrapolated vesicle fusion kinetics and the size of the secretion zone limit diffusion-based growth. This model predicts that diffusion-mediated growth is dependent on the size of the region of exocytosis at the tip, and that diffusion-based growth would be significantly slower than normal cell growth. To further explore the size of the secretion zone, we used a cell wall-degradation enzyme cocktail, and determined that the secretion zone is smaller than in diameter at the tip. Taken together our results highlight the requirement for active transport in polarized growth and provide important insight into vesicle secretion during tip growth.
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Mechanical Regulation of Actin Filament Disassembly by ADF/Cofilin Antoine Jegou, Hugo Wioland, Guillaume Romet-Lemonne. Institut Jacques Monod -CNRS, Paris, France. Actin-depolymerizing factor (ADF)/cofilins contribute to cytoskeletal dynamics by promoting rapid actin filament disassembly. Here, by monitoring the activity of the three mammalian ADF/cofilin isoforms on individual skeletal muscle and cytoplasmic actin filaments, we directly quantify the reactions underpinning filament severing and depolymerization from both ends. Compared to bare filaments, we find that ADF/cofilin-saturated filaments depolymerize faster from their pointed ends and slower from their barbed ends, resulting in similar depolymerization rates at both ends. We show that, unexpectedly, ADF/cofilin-saturated filaments qualitatively differ from bare filaments: their barbed ends are very difficult to cap or elongate, and consequently undergo depolymerization even in the presence of capping protein and actin monomers. Because capping induced by capping proteins allows growing ADF/cofilin domains to reach the barbed ends, it thereby promotes barbed end uncapping and its subsequent depolymerization. We also investigated how mechanical constraints affect ADF/cofilin severing activity. We observe that local filament curvature, as well as constraining filament torsion between two anchoring points, increase cofilin severing rate, independently of filament tension. Our experiments thus reveal how ADF/cofilin, together with capping protein, control the dynamics of actin filament barbed and pointed ends, and how mechanics tune cofilin severing in actin networks.
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Intrinsically Disordered Region of Actin Binding Protein Regulates Dynamic Actin Assembly He Sun, Yansong Miao. Nanyang Technological University, Nanyang Technological University, Singapore, Singapore. Assembly of the actin cytoskeleton are dynamically regulated under various physiological and pathological states to fine-tune the endocytosis, cytokinesis and vesicular transport. A particularly interesting phenomenon is that both endocytic proteins and ABPs are highly enriched of intrinsically disordered regions (IDRs), which were recently found as a constituent of protein crowding, protein coacervation, and phase separation. How the actin filament assembly are regulated by these intrinsically disordered regions are largely unclear, which are important for understudying in vivo complex regulation of actin polymerization and organization. The protein dynamics, conformation, inter-or intramolecular interactions for intrinsically disordered proteins (IDPs) are highly regulated by the changes of surface electrostatic interactions through the post-translational modifications, such as protein phosphorylation. We recently studied several ABPs and found striking regulation of actin filament assembly through the IDR and the phospho-regulation of IDR of actin binding proteins. We will present and discuss the molecular mechanisms by which actin assembly receives multi-signals from intracellular or extracellular cues in modulating actin filament assembly.
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Large-Scale Coarse Grained Simulations of F-Actin Interacting with Model Membranes Carsten F.E. Schroer, Siewert J. Marrink. Groningen Biomolecular Sciences and Biotechnology Institute, Univeristy of Groningen, Groningen, Netherlands. Actin is one of the most abundant proteins in eukaryotic cells. Its importance lies in the ability to form polymer strands, the actin filaments, which are the main component of the cytoskeletal actomyosin cortex. The actomyosin cortex is a cross-linked network of actin fibers and myosin that is located at the inner face of the cell membrane and responsible for the shape and the mechanical stability of the cell. As such, actin strands are in the direct vicinity of the membrane and their interactions are determined by the interplay between the membrane composition and specific actin-binding proteins. Here, we show results from coarse grained MD simulations of filamentous actin, interacting with model membranes of different compositions. The simulations are based on the Martini model that has been successfully applied for a great diversity of biomolecular systems. Our results display a distinct variety of interactions between the polymer and the lipid bilayers, depending on the nature of the lipids. Furthermore, we show some preliminary results of an actin binding protein, interacting with the membrane and the filament at the same time. This system closely resembles the situation in the actomyosin cortex and can shed some light on the molecular detail of the coupling of the cell membrane and the cytoskeleton. Neutrophil chemotaxis to sites of inflammation and infection is one of the first steps in a healthy immune response. In their surveillance of the human body, neutrophils must undergo polarized migration over long distances through a host of different physical environments -in the bloodstream, along blood vessel walls, and within many mechanically distinct tissues. The long-term goal of this research is to understand how neutrophils regulate their actin cytoskeleton in order to maintain polarized migration through dynamic physical settings. Using high-speed microscopy of neutrophil-like HL-60 cells, we have shown that cell leading edge shape undergoes micron-sized fluctuations that dynamically appear and equilibrate on the order of seconds. We have developed image analysis tools to quantify properties of these fluctuations, which we use as a read-out of the biochemical and physical feedback mechanisms used to maintain 648a Wednesday, February 21, 2018
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